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Method and device for controlling admission of 
users to a cellular radio network 



FIELD OF THE INVENTION 



The present invention relates to a method and a cellular radio network device for 
10 controlling the admission of users to the cellular radio network. 

BACKGROUND OF THE INVENTION 

V5 In cellular radio systems, such as in WCDMA (Wideband Code Division IVIultiple 
Access) or UMTS (Universal Mobile Telecommunications System) systems 
information is transferred between a network de>nce and a user, such as a mobile 
temninal, by transmitting signals. 

20 These signals may be distorted on their way from a transmitter to a receiver. 
Thereby e. g. a modulator of a transmitter, means of transmission, i. e. radio 
waves, Interference sources, fading and demodulator of a receiver have distorting 
influence on the signals. These factors form a so-called channel. Each base 
station has a plurality of channels at its disposal. On each channel information is 

25 transfenned between the base station and the users, thus establishing a connection 
between a user and the base station. The base station decides whether to admit 
new users depending on the number of such connections or on the workload of 
the network. This process of decision is called admission control. 

30 In WCDMA power based admission control can be used in both, uplink and 
downlink. In uplink there is a ceil based threshold for received channel power 
level. Correspondingly in downlink there is a cell based threshold for transmitted 
channel power level. These thresholds are used to determine whether to admit a 
new user or not. 
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Accordingly these threshold values are used to determine how much traffic is 
allowed in a cell of the cellular radio network. Thereby it is Important to select the 
correct thresholds. If the thieshoW values are too low. not all of the capacity of the 
cellular radio network is utilized. On the other hand, if the threshold values are too 
high, too many connections are admitted in a particular cell. TTius. the Interference 
mcreases causing bad quality of the connections between the users and the 
network, in particular of calls. This is caused by power outage of mobile temiinals 
.n uplink and in downlink connections that hit the maximum specific transmission 
powers, reducing the coverage of the specific cell and making the quality of calls 
worse 



It .s known to manuaHy set threshold values resp. network parameters by choosing 
a default value. This value is detem,ined for default conditions, i.e. the typical 
conditions of a network cell are established and the parameter value is chosen to 
optimize these conditions. Hence the default value is a suitable choice. If the local 
network conditions correspond largely with the default conditions. But in general 
the local network conditions differ substantially from the default conditions 
Furthemiore the optimal setUng for a network parameter may change In time This 
IS particularly true for parameters that ai^ related to propagation conditions for 
radfo waves in a cell or the load of the specific cell. It Is known to manually correct 
the threshold values. However, as the number of cells in a network Is very high In 
particular more than 10.000. manual con-ection is a very time-consuming and ' 
difficult task ^ 



SUMMARY op TUP iM\/CMTn,.j 

30 It is therefore an object of the present invention to Improve the con-ectlon of such 
threshold values. 
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This object is achieved by a methiod of admission of users to a cellular radio 
network , comprising tiie steps of determining a threshold value for a quantity to be 
measured, measuring said quantity in order to obtain a measured value, 
comparing said measured value with said threshold value, and deciding whether to 
5 admit a new user based on the result of said comparison, thereby autotuning said 
threshold value using quality measurements in order to define a required quality of 
a link, uplink or downlink, said quality measurements being gathered during high 
toad and said link. 

10 Furthermore the above object is achieved by a cellular radio networic device for 
performing that method, namely a cellular radio network device for controlling the 
admissk>n of users to a cellular radio network, comprising means for determining a 
threshokl value for a quantity to be measured, means for measuring said quantity 
in order to obtain a measured value, means for comparing said measured value 

15 with saki threshold value, means for deciding whether to admit a new user based 
on the result of said comparison, means for autotuning said threshold value using 
quality measurements in order to define a required quality of a link, uplink or 
downlink, and means for quality measurements gathered during high load on said 
link. 

20 

Accordingly, the uplink power threshold of a cell is autotuned using quality 
measurements gathered during high uplink load. The downlink power threshold of 
a cell is correspondingly autotuned using quality measurements gathered when 
the cell has been under high downlink load. The thresholds are autotuned so that 
25 they are as high as possible while the quality criteria are fulfilled. 

In case of poor or degraded quality of link the threshold value is autotuned towards 
a direction which improves the situation and In the case of high load and better 
quality of connections than required, the threshold value is autotuned in a direction 
30 which Increases capadty of the network. Thus, the network capacify is maximized 
while fulfilling the quality requirements. A capacity quality trade-off can be 
perfomned by adjusting the quality criteria. By allowing poorer quality the capadty 
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IS Increased, thus In particular a higher throughput and/or lower blocking of calls Is 
enabled, while It Is con^spondlngly decreased by requiring very high quality. 

The Invention Is applicable to power based admission control as well as to 
throughput based or connection based admission control. The corresponding 
thresholds can thus also be expressed In power units as well as in other than 
power units: for example throughput units, e.g. kbH/s. 

In each case it is possible to use quality criteria to maximize the load level 

throughputs. All methods are able to provide an equivalent CapacltyOuality trade- 
off. 



15 
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30 



The Invention enables the optimising of cell-specific thresholds. Commonly the 
optimal threshold values va^^ from cell to cell depending on the radio propagation 
environment of the cell, in some cells where the propagation environment is good 
there Is more room for increasing the thresholds to allow more useis In the cell 
because in this kind of cells the quality of calls does not decrease much when the 
thresholds are increased. In other cells that have poor propagation environment 
the power thresholds should be kept at somehow lower level to meet the quality 
requirements of the cell. As the different environment of the cells is difficult to take 
into consideration by static planning of a radio networic. the invention In particular 
overcomes these problems by using a real time monitoring. This is particulariy 
useful, since the thresholds can change over time. 

Thus, the Invention allows to avoid Inaccurate or even inconect threshold values 
Moreover, the invention provides correct cell-speclfic uplir^k and downlink (power) 
threshold values. Thus, the capacity of the networit Is Increased, since usually a 
networic is initially set with (power) threshold values at a too low level to make sure 
that the required quality criteria are achieved. However, sometimes in a networi< 
the (power) threshold values might also be set too high, which results In too high 
interference (noise) level in a cell causing poor quality of links. This case 
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according to the invention the thresholds are reduced in order to achieve a quality 
of a required level. 

Preferably, the quality requirements are the actual number of dropped, blocked 
5 and/or bad calls and/or the ratio of dropped. btocl<ed and/or bad calls to a total 
amount of calls; a data throughput of actual transmitted data in upllnic and/or 
downlink: an average frame enor rate of defective data frames; delay times of 
transmitted data packets; and/or retransmission rates of retransmitted data 
packets due to defective data. The blocked call, the throughput as well as the 
10 packet traffic delay criteria improve as the target threshold value is Increased and 
degrade as the target is decreased. 

Preferably, the quality of a link is determined by a cost function, said cost function 
taking into account at least two, more than two or all of the at>ove mentioned 
15 quality of link representations, thereby weighing each of the representations. Such 
a cost function thus describes the quality requirements. It can be minimized by 
adjusting the target value. As an example a dropped call can be several, e.g. 10 
times more severe than a blocked call. 

Preferably, quality requirements are drop call or bad call ratios below a certain 
20 percentage. The quality of a call can e.g. be considered bad if Its average frame 
error ratio (PER) is above a certain percentage, which Is clearly higher than the 
outer loop FER-target (e.g. average PER above 2% in case of 1% FER-target). An 
average PER clearly higher than the FER-target means that the mobile 
device/devices suffer from power outage In uplink and BS (Base Station) from link 
25 power outage in downlink. Additionally with packet switched trafTic delay and 

retransmission rates are prefsrably used for quality measurements. Different traffic 
classes have different quality criteria, though. For example, the traffic classes in 
UMTS are: conversational, streaming, interactive, and background. Normally some 
of the quality classes are less sensitive to poor quality (e.g. background). The 
30 traffic classes to be preferably monitored are selected, e.g. conversational and 
streaming, and then the quality requirements in these classes are satisfied in the 
method. In uplink the main bitrate to be preferably monitored Is the bitrate that has 
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been planned to have coverage In the whole cell ar^a (e.g. 144 kb/s). In downlink 
prefers^ all titrates are monitored, since In downlink link power lil are sc^le^ 
using brtrates and planned Eb/No-values. Eb being the energy per bit and No 
being the noise power density. 

In the autotuning of threshold values It Is desired to cope with the mobility of the 
moMe devils. The^. „ advantageously desi,«, to associate to a cell only 
quality measures of that parts a can that the can is connected to the ceU in 
question. Themby. poor quality in neight»uring cells is suppressed in orternot to 
affect the autotuning of po««r thresholds in a cell. Fu,them,ore preferably divereity 
handover «sues are taken into account while evaluating the quality of caHs A 
possible addition befbre relsing the powerthreshoid in a cell is to check if adjacent 
oens are sufferfrig ftom poor quality, if this Is the case then it Is better not to i^lse 
the power threshold. 

The autotuning of a parameter setting of a network device of a cellular radto 
network may be perfomied according to the present Invention by setting the 
parameter value to a default value, measuring network conditions influenced by 
saw parameter value for a predetemiined peri<^ of time, calculating a total cost of 
said networi. conditions and minimizing the total cost by Iteratively changing said 
parameter value by a step and repeating the measurement of the network 
conditions and the calculation of the total cost in order to control, whether 
changing said parameter has reduced the total cost. 

By initially setting the parameter value to a default value the Initial setting of the 
parameter is a sound approximation of the optimum value. In case the default 
conditions con-espond essentially to the local conditions the network parameter 
does not need to be changed much. Thereafter the influence of the default setting 
on the network conditions is detemiined. These measurements are perfomied for 
a certain time in order to ensure that the measurements reliably reflect the actual 
network conditions. The optimisation of the network conditions Is commenced by 
.teratvely reducing the total cost by changing the parameter value. The result of 
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reducing or increasing the networic parameter is controlled by resuming to 
measure the network conditions and calculating the total cost. By continuously 
repeating to change the network parameter and controlling the results of such a 
change the total cost may be reduced. 

5 

The reduction of the total cost is basically performed by determining whether the 
change of the parameter value has increased or decreased the total cost. The 
direction of change is reversed if the total cost has increased. Othenivise the 
parameter value may changed similarly once again. Therefore, In case the total 

1 0 cost has decreased, the parameter value is increased by the step. If the parameter 
value was previously increased, and decreased, if the parameter value was 
previously decreased. In case the total cost has increased, the parameter value is 
increased by the step, if the parameter value was previously decreased, and 
decreased, if the parameter value was previously Increased. These steps are 

15 continuously performed whereby the total cost approaches a minimum. 

The total cost may be defined by a cost function which establishes a relationship 
between the measured network conditions and the quality of these conditions, i.e. 
a high total cost stands for bad network conditions and a low total cost stands for 

20 good network conditions. The cost function may be chosen according to the 
preferences of the network provider and its customers. The total cost is 
determined by calculating the value of the cost function for the present network 
conditions. The cost function is preferably defined by C=C1+C2+C3+..., wherein 
C1 . C2. C3 ... each indicate the cost of one of the measured network conditions. 

25 This means that the total cost is equal to the sum of the individual costs of different 
network conditions. Different costs may be attributed to different network 
conditions. This is important if a change of a network parameter may both 
ameliorate a certain network condition and simultaneously deteriorate another 
network condition. FurthernK>re the cost functton can be cell specific, i.e. the cost 

30 function may be different for the parameter setting of different networic devices. 
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The maximum transmission power which may be transmitted from a network 
device In order to establish or perpetuate the connection to a single radio access 
^arer .s such a pa^meter. This parameter is a downlink pa..meter. i.e. It pertains 
to^e power ^nsmltted from a network device to a radio access bearer an^ no 

by the network device. Its purpose Is to prevent a single ra,io access bea..r In a 
particular cell from consuming an excessive amount of power of the networtc 
devce. This is the case. If several radio access bearers within the cell may not be 
^ connected to the cellular radio network due to said particular radk, access bearer. 

Lowering the maximum transmission power to a single user will statistically 
decrease the number of blocked calls and increase the average number of users 
simultaneously connected to the network device of the particular cell. At the same 
time the quality of service is decreased, in particular ti.e connection quality suffers 
. and the number of dropped calls Increases. Naturally botfi the number of dropped 
calls and the number of blocked calls should be minimal. The choice of the cost 
function represents the compromise resp. tiadeKjff between tfiese conflicting 
requirements. The best compromise is reached if ttie cost functfon reaches Its 
minimum. 

A further important network parameter Is the total ti^nsmlsslon power whfch may 
be emitted by particular network device. An Increase of the total tiansmlsslon 
power has the effect that more radio access bearers In a particular ceB may be 
admitted to the networtc. At the same time the power required by Individual radio 
access bearers in tf,e cell becomes higher. Consequenfly ti>e quality of connection 
decreases if the required power may not be transmitted due to tfie ttireshold 
limiting the maximum power transmitted to a single user resp. radio access bearer. 

Furthemiore the portion of the total traffic capacity of the network device dedicated 
to non real-time traffic Is a neimrk parameter that Is linked to ttie quality of 
service. The quality criteria for non real-time traffic and real-time traffic differ 
considerably, since the delay of a packet transmlssfon deteriorates the quality of 
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connection in real-time traffic considerably. In case of non real-time traffic a delay 
in packet transmission is far more tolerable. Therefore, trafRc types are grouped 
into either non real-time traffic and real-time traffic. 

5 Queuing of information paci<ets is usually performed for non real-time traffic only. If 
the drawback of queuing for non real-time traffic is Judged to be far lesser than 
blocking or dropping in real-time traffic, real-time traffic will occupy almost 
completely the total traffic capacity of a particular cell during high load. By 
reserving network capacity of a cell to non real-time traffic a congestion of the cell 

0 capacity by real-time traffic during heavy load can be prevented. 

The allocation of ceil capacity to non real-time traffic may be accomplished in two 
different ways. According to the "hard tenitory method" a fixed proportion of cell 
capacity Is reserved for non real-time traffic at all times. Real-time traffic may not 
5 occupy non real-time traffic capacity under all conditions. But if non real time 
capacity is congested and real-time capacity is not, non real-time traffic may 
occupy parts of the capacity dedicated to real time traffic. 

The "soft territory method" allows a reservation of a flexible proportion of the total 
traffic capacity In the cell to non real-time traffic according to the circumstances. If 
the load conditions allow It, non real-time traffic may occupy real-time traffic 
capacity and vice versa. If the traffic capacity currently required by non real-time 
traffic amounts to the dedicated proportion, non real-time traffic only shall occupy 
its dedicated proportion. In case real-time traffic is occupying non real-time traffic 
capacity, real-time traffic is continually reduced until the non real-time traffic 
completely occupies its dedicated proportion of the total traffic capacity. Equally 
current non real-time traffic occupying a proportion dedicated to real-time traffic is 
reduced, if real-time traffic requires more cell capacity. 

Reserving a proportion of the cell capacity to a certain traffic class constitutes a 
trade-off between conflicting quality requirements. Since the proportion of the total 
cell capacity dedicated to a certain traffic class is limited, the real-time blocking of 
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connections to the network device and non real-time queuing of Information 
packets depends on the limited dedicated capacity. Tlie present invention allows 
to automatically adjust this parameter according to the local network conditions by 
minimizing the total cost of real-time blocking and non real-time queuing. 

5 

The measured network conditions may comprise any or plural of the following 
states: The actual number of dropped, blocked and/or bad calls and/or the ratio of 
dropped, blocked and/or bad calls to a total amount of calls, a data tiiroughput of 
actual transmitted data in uplink and/or downlink, an average frame error rate of 

1 0 defective data frames, delay times of tiransmitted data packets, and/or 

retransmission rates of retransmitted data packets due to defe(^'ve data. The 
choice of the measured network conditions depends on the parameter that is 
being tuned. Only those network conditions are taken Into account that are 
Influenced by the parameter being optimised. An alternative measure to queuing is 

1 5 the difference between the average bitrate transmitted to a user and the biti^te 
requested by the user. An average biti^te lower ttian ttie requested biti^te is 
indicative of a delay in data transmission. The delay In non real-time data 
transmission may also be used as a measure instead of queuing. 

20 Since certain network conditions may vary by a conskierable amount, even if ttie 
network parameter is not altered, an expectation value of the network condition is 
acquired. The variance of the network condition is presumed to follow a 
predetermined probability distribution and ttie expectation value and Uie standard 
deviation are computed accordingly. 

25 

If the taraffic capacity of ttie network device dedicated to non real-time traffic is 
optimised, the total cost may be determined by the cost of queued non reaMime 
data packets added to the cost of bkx^ked calls. Preferably ttie total cost is 
iteratively minimized by increasing the dedicated proportion of tiie total traffto 
30 capadty by a step if the cost of the queued non real-time data packets is greater 
than the cost of the blocked calls. On the one hand the numt)erof queued non 
real-time data packets decreases, if the proportion of the traffic capacity dedicated 
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to non reaMime traffic is increased, since more network capacity is available for 
non real-time traffic. On the other hand the number of blocked calls increase, since 
less total network capacity Is dedicated to real-time traffic. If the cost of queuing 
outweighs the cost of blocked calls, the total cost is reduced. For similar reasons 
5 the portion of the total traffic capacity is decreased by the step If the cost of the 
blocked calls is greater than the cost of the queued non real-time data packets. 

If the maximum transmission power, which may be transmitted from the network 
device to a single radio access bearer, Is optimised, the total cost is preferably 

10 determined by the sum of the cost of queued non real-time data packets, the cost 
of blocked calls, the cost of bad quality and the cost of dropped calls. Increasing 
the maximum transmission power to a single user reduces queuing and dropping 
of calls, since data packets are queued and calls are dropped only, if the available 
transmission power Is insufficient Therefore said maximum transmission power is 

1 5 Increased by a step, if the cost of bad calls added to the cost of dropped calls is 
prevailing, and decreased, if the cost of queued data packets added to the cost of 
blocked calls is prevailing. 

The autotuning of the total maximum transmission power is performed similar to 
20 the autotuning of the maximum transmission power, that may be transmitted to a 
single radio access bearer. The total cost amounts to the cost of packet queuing, 
bad calls, dropped calls and blocked calls. The total maximum transmission power 
is increased or decreased depending on whether the cost of bad calls and 
dropped calls or the cost of packet queuing and blocked calls prevails. Increasing 
25 the total maximum transmission power lowers the number of blocked calls and 
queued data packets and the corresponding costs. At the same time the quality of 
connection Is reduced and the number of dropped calls rise, whereby the 
corresponding costs increase. 

30 Both changing the maximum transmission power to a single radio access bearer 
and the total transmission power of a network device Influences the same network 
conditions and the corresponding total cost. For example, It might be favourable to 
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increase the total transmission power under certain circumstances leading to less 
blocked and dropped calls. But since the connection quality is reduced at the 
same time the power required by the individual radio access bearers might 
increase considerably. If the maximum transmission power is not high enough the 
5 number of blocked and dropped calls might increase eventually. Hence the tuning 
of both parameters needs to be dealt with in a coordinated fashion. This problem 
arises whenever two parameters are tuned that effect the same network 
conditions. 

10 According to the present invention plural parameters of a network device of a 
cellular radio network are optimised by successively optimising each parameter, 
i.e. reducing the total cost by iteratively changing the parameter. The parameters 
are optimised one at a time. All parameters except for the parameter being 
optimised are left unchanged, until the tuning of the parameter is halted. The 

IS tuning of the parameter may be halted due to different criteria. For example, tuning 
may be halted after a predetermined number of changes to the parameter. Then 
the next parameter is optimised, whereby the remaining parameters are fixed. 
After all parameters have been optimised consecutively the successive tuning of 
each parameter is resumed. Preferably the total maximum taransmission power, 

20 which may be transmitted from the network device, and the maximum 

transmission power, which may be transmitted from the network de>^ce to a single 
radio access bearer are tuned according to this method. 

Summarized, due to invention the network capacity Is maximized while fulfilling the 
25 quality requirements. Furthermore, due to the invention operabiiity and 
optimisation is increased. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 In the following, the present invention will be described in greater detail based on 
preferred embodiments with reference to the accompanying drawings, in which: 
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Fig. 1 shows a cellular radio network; 

Fig. 2 shows the autotuning of an uplink power threshold value; 

5 

Fig. 3 shows the autotuning of a downlink power threshold value; 

Fig. 4 shovi/s a diagram of specific elements of a cellular radio network device: 

10 Fig. 5 shows, how two network parameters are tuned simultaneously; 

Fig. 6 shows the autotuning of the maximum transmission power, which may be 
transmitted to a single user; 

15 Fig. 7 shows the autotuning of the total transmission power, which may be 
transmitted by a network device; and 

Fig. 8 shows the autotuning of ttie proportion of Vne traffic capacity of a cell, which 
is reserved for non real-time traffic. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 Illustrates a cellular radio network 1 comprising a number of cells 2 adjoining 
to each other. Each cell 2 is radio covered by a network device 3 for connecting 
25 users 4 or mobile devices to the network 1 . The users 4 are each connected via 
respective radio connections 5 to the network 1 . 

It should be noted that the network device 3 in this example comprises admission 
control functionality. However the admission control may be implemented also in 
30 some other device in some other cell 2. In UMTS networks the admission control 
is tocated in RNC (radio networic controller) which is controlling many base 
stations which are connected to the users' 4 user equipments. The admission 



wo 02/0S9512 



r 

PCT/EPOl/12135 



14 



- RAB (Radio Access Bearer) establishment 
10 - RAB renegotiation. 
Handover. 

Admission control Is In particular responsible for 

the actual admission """'^^ taken as 

0 The parameters related to admission control are preferably 

RAB (Radio Access Bearer) QoS parameter (core network) 
Cell capability (QMS). network). 

MS (mobile station) capability (core network). 

Cell measurements: load, Interference mxQ ' b« -r 

- ^^^ZT^,- r "^'^ -n^su^n.en.s (MS, 
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PDCP/RLC resources (reported periodically by BSGW). 

Admission control functionalities locations are preferably as follows: 
UCF makes the AC decision and takes care of signaling. RNAS selects BSGW 
5 and RNGW. UCF selects the L2/L1 parameters that are not dependent on the ceO 
status. 

CRS makes admission control for physical resources. CRS selects the L2/L1 
parameters that are related on the cell status. 

10 If a new user 6 intends to establish a connection 5 with the network 1 the network 
device 3 decides whether to admit the new user 6 to the network 1 or not. 

If a certain threshold value, in particular a power threshold value would be 
exceeded in case of admittance, the new user 6 is rejected. Accordingly, the new 
1 5 user 6 is admitted to the network 1 , in case of the power threshold value not being 
exceeded in case of admittance. 

In order to perform the decision, whether or not to admit a new user, an acbjal 
power value is measured, the increased power value in case of admittance Is 
20 estimated and compared with the power threshold value. 

According to the preferred embodiment of the present Invention, the threshoki 
value is not constant, but varies depending on quality requirements of the 
respective link, namely the uplink or downlink. These quality requirements are 
25 gathered during high link load of the respective link. 

Rgure 2 shows the adjustment of cell uplink power threshold. In step 100 It Is 
evaluated whether the uplink quality requirements are better than a predetermined 
value under high uplink toad. This predetermined value is calculated by a fixed 
30 value, called "requirements" added by a difference value, called "delta". Binomial 
confidence intervals can be used to determine delta. E.g. a delta equaling two 
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binomial standard deviations would correspondingly mean that ttie prot>ability of a 
quality different than the requirements is 95%. 

In case of the uplink quality requirements being better than "requirements + delta" 
In step 101 the cell uplink power threshold Is increased by a certain value 
upStepSlze. e.g. 0.3 dB. 

After Increasing the uplink power threshold in step 101 the procedure returns to 
step 100. 

However, if in step 1 00 the uplink quality requirements are not better than 
"requirements + delta" under uplink high load, the procedure turns to block 102 
evaluating whether the uplink quality requirements are worse than a further 
predetemfiine value, called "requirements-delta", calculated by subtracting "delta" 
from "requirements". Correspondingly as in the uplink case binomial confklence 
intervals can be used to determine delta. 

If the uplink quality requirements are not worse than "requirements - delta" under 
uplink high load the procedure tums from step 102 back to step 100 performing 
the above described evaluation in step 100. 

However, if the uplink quality requirements are worse than "requirements - delta" 
under uplink high load, according to Step 1 03 It Is further -evaluated If the total 
throughput is higher than a predetemnined value calculated by a fixed bltrate 
requirement value, called "bltrate requirements' added by further difference value, 
called "beta", thus generating a value called "bltrate requirements + beta". 
Additionally the blocking rate should be below "blocking rate requirement - 
gamma". Binomial confidence Intervals can be used to determine gamma and e.g. 
Gaussian confidence Intervals to determine beta. 

If the total bltrate Is not higher than "bltrate requirements + beta" the procedure 
returns back to step 100 performing the above described evaluation. 
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However. if in step 103 It is evaluated that the total bitrate is higher than "bitrate 
requirements beta", in step 104 the cell uplink power threshold is decreased by a 
predetermined value, namely by downStepSize. 

5 

After performing the adjustment of the power threshold according to Step 1 04, it is 
continued with step 100 as described above. 

The adjustment of a cell downlink power threshold Is described hereinafter 

10 

Figure 3 shows the adjustment of cell downlink power threshold. In step 200 it is 
evaluated whettier ttie downlink quality requirements are better than a 
predetermined value under downlink high load. This predetermined value is 
calculated by a further fixed value, called "requirements" added by a further 
15 difference value, called "delta". 

In case of the downlink quality requirements being better than "requirements + 
delta" in step 201 the cell downlink power threshold is increased by a certain value 
upStepSize. 

20 

After increasing the downlink power threshold in step 201 the procedure returns to 
step 200. 

IHowever, if in step 200 the downlink quality requirements are not better than 
25 "requirements delta" under downlink high load, the procedure turns to block 202 
evaluating whether the downlink quality requirements are vi/orse than a further 
predetermine value, called "requirements - delta", calculated by subtracting "delta" 
from "requirements". 

30 If the downlink quality requirements are not worse than "requirements - delta" 
under downlink high load the procedure turns firom step 202 back to step 200 
perfomning the above described evaluation In step 200. 
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However, if the downlink quality requirements are worse than "requirements 
delta- under downlink high load. acx:ordlng to Step 203 It is further evaluated if the 
total bltrate is higher than a predetemiined value calculated by a fixed bitrate 
requirement value, called "bitrate requirements" added by further difference value 
called -beta", thus generating a value called "bitrate requirements + beta". 
Additionally the blocking rate should be below "blocking rate requirement - 
gamma". Binomial confidence intervals can be used to detemiine beta and 
gamma. 

If the total bitrate is not higher than "bitrate requirements + beta" the procedure 
returns back to step 200 perfomning the above described evaluation. 

However, if in step 203 it is evaluated that the total bitrate is higher than "bitrate 
requirements + beta", in step 204 the cell downlink power threshold is decreased 
by a predetermined value, namely by downStepSize. 

After peifonning the adjustment of the power threshold according to Step 204, it is 
continued with step 200 as described above. 

Furthermore, an actual load value of the uplink and/or downlink Is determined. 
This actual load value is compared with a predefined load value In order to 
determine high load. Thereafter a quality measurement Is performed If said actual 
load value exceeds the predefined load value, i.e. if high load has been 
detennined. Thus, critfcal tequirements during high load are detected. 

Figure 4 shows a block diagram of components of a cellular radio networic device 
3 for performing the above described method. 

The device 3 comprises a unit 7 for determining and/or storing a power threshold 
value as well as the unit 8 for measuring a power value. Unit 8 may comprise also 
means for averaging short tenn power levels. Both units 7 and 8 are connected 
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with a comparator 9 for comparing the measured power value with the power 
threshold value. 

The comparator 9 Is connected to a decision unit 10 which is deciding whether to 
5 admit a new user to the networi(. The decision is made on the basis of the result of 
the comparison performed by comparator 9. 



Furthermore, an autotuning unit 1 1 is provided for autotuning the threshold \^lue 
using quality measurements in order to define a required quality of a link, namely 
1 0 uplink or downlinlc. and a quality measurement unit 1 2 for quality measurements 
gathered during high load on upiini< or downlink. 

Furthermore, an adjustment circuit 13 is provided with the autotuning unit 11 for 
increasing the threshold value if an actual quality of the link is better than the 
15 required quality of the link or decreasing the threshold value if the actual quality of 
the link is worse than the required quality of the link, in particular if a total 
throughput of the link is higher than a required bitrate and the blocking rate is 
lower than a blocking criteria. 

20 In the above described embodiment high load can be detemrilned as follows: A 
normal criteria for high toad dould be that the average received and/or transmitted 
power of the channel has an average value within a certain, preferably 
predetermined margin, in particular within a 0.5 dB mai^in of the power threshold. 
If the power threshold for some reason has been set too high. It means that the 

25 system still can suffer firom bad quality but does not reach the high load state. In 
practice this is not a problem. However, preferably a possibility is provided to 
check quality for looser high load situations (threshold -IdB, threshold -1 .5dB, 
threshold -2dB) if high load state is newer reach. If it is reached and quality is good 
the high load criteria can be increased again, but if it is poor the admisston power 

30 threshold can be lowered. 



VfO Q2/089S12 



PCT/EPOl/12135 



20- 



5 



10 



15 



20 



It is noted that the above described algorithm can be performed either in an 
automatic mode or a manual mode. In the manual mode an operator decides 
whether to accept the suggested changes or not. In this case the implementation 
of the algorithm is preferably located near RNC (radio networi< controller) or the 
networic management system. In the automatic mode the location is preferably the 
RNC. In future IP RAN (Internet Protocol Radio Access Networi<) networi<s some 
RNC functionalities are located in the base stations and the admission control 
functionalities may also be located in the base stations or distributed to the radio 
access network. 

In Fig. 5 the tuning of the maximum transmission power to a single radio access 
bearer (RefRABIVIaxTxP) and the tuning of the total maximum transmission power 
of a networi< device (PTxTarget) in particular a base station 3 is exemplified. Both 
the RefRABMaxTxP and the PbcTarget effect the number of queued packets, 
blocked or dropped calls as well as the quality of connection. The autotuning of 
both parameters is pert'ormed by alternately tuning the RefRabMaxTxP and the 
PteTarget. Fig. 6 and 7 show how both targets are individually optimised. 

The tuning of the RefRABMaxTxP starts with setting the parameter values of the 
RefRABMaxTxP and PTxTarget to a default value. The defeult value preferably 
corresponds to a favourable setting of these paranteters In defeult condltfons. I.e. 
under ordinary conditions. 



Subsequently the networic conditions are measured and the individual costs of the 
networic conditions Is calculated. The networic conditions include the bad quality of 
connections (BQ). the number of dropped calls (DR). the number of queued 
packets (PQ) and the number of blocked calls (BQ). 

The previous steps of the embodiment of Rg. 6 represent the initial phase which is 
perfomied only once. The following steps are Iteratively performed, wherein each 
loop of the algorithm commences with measuring tiie network conditions and 
calculating the total cost. The cost function Is equal to ttie sum of the cost of the 
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Individual network conditions (Cbq(BQ). Cor(DR). Cpq(PQ), Cbl(BL). Preferably the 
individual costs simply amount to the measured network condition multiplied with 
an indlvMual cost factor. 

5 The network conditions are measured for a predetermined period of time. This has 
two reasons. First of ail the measurement period has to be long enough in order to 
obtain trustworthy measurement result Secondly the measurement time 
determines the speed with which the RefRABMaxTxP is optimised, since the 
measurement is peribnned between each change of the parameter. If the network 
1 0 provider wants to adapt the network parameters cauttously the measurement time 
will be chosen to be long and the step size (DownstepSize or UpstepSize) will be 
rather small. In this case the RefF^ABMaxTxP will gradually approach its optimal 
value. 

16 Following the calculation of the total cost, the change of the total cost is 

determined. The total cost of the present parameter setting is compared to the 
total cost of the previous parameter setting. If the total cost has increased the 
previous change is taken back, since it constituted a deterioration of the overall 
network conditions. 

20 

In case the total cost has decreased the following steps detenmine whether the 
parameter is to be changed once again, it is initially determined whether the cost 
of bad quality connections (BQ) and dropped calls (OR) outweigh the cost of 
packet queuing (PQ) and blocked calls (BL). 

25 

Hie question of increasing or decreasing the RefRABMaxTxP is made to depend 
upon whether the cost of bad quality (BQ) and dropped calls (DR) prevails. If this 
Is answered In the affirmative it is preferable to increase the maximum 
transmission power to a single radio access bearer (RefRABMaxTxP) since this 
30 will reduce the bad quality (BQ) and the number of dropped calls (DR). But such 
an Increase is not peribrmed unconditionally. 
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The increase of the RefRABMaxTxP is performed only under the circumstances 
that either the measured bad quality (BQ) or the measured dropped calls (DR) 
exceed a respective threshold value BQ*. or DR++ and that the total throughput 
lies above a minimum throughput requirement. The threshold values BQ++ and 
DR++ indicate that the value of the measured bad quality (BQ) and dropped calls 
(DR) IS significantly bigger than a desired level. The total throughput of a cell 
equals the number of bits transfened within a period of time. e.g. 1000 
kilobit/second. Only If the total throughput exceeds a threshold value. I e the 
minimum throughput requirement, a change of the RefRABMaxTxP may be 
perfomied. If one of these requirements are not fulfilled, the parameter Is left 
unchanged and measurement of network conditions Is resumed. 

These additional requirements effect that the RefRABMaxTxP is changed 
cautiously. Increasing the RefRABMaxTxP In general reduces the total throughput 
15 of a cell. Therefore an increase is only allowed If the total throughput Is 

acceptable. Furthermore an increase of the RefRABMaxTxP will only take place if 
the previously menttoned network conditions are deariy inacceptable. 

The previous steps are perfomied if the total cost C of bad quality calls (BQ) and 
20 dropped calls (DR) exceeds the cost of packet queuing (PQ) and blocked calls 
(BL). Otherorise the algorithm proceeds differently. An excessive amount of packet 
queuing and blocked calls can be dealt with by decreasing the maximum power 
which may be transmitted to a single radio access bearer (RefRABMaxTxP) A 
decrease of the RefRABMaxTxP Is only allowed If the measured value for packet 
25 queuing (PQ) or the measured value for bk)cked calls (BL) are well above an 
acceptable level. This is detennined by comparing the measured values with 
respective threshold values (PQ++ and BU+). An excessive value for one of the 
two quality measurements leads to a decrease of the RefRABMaxTxP by a 
predetenmlned step (downStepSize). Finally the measurement of the network 
30 conditions is resumed. 
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Rg. 7 shows the autotuning of the admission threshold for total maximum network 
device transmission power (PtxTarget). This target is autotuned only after the 
tuning of the RefRABMaxTxP has been completed. The handover between the 
tuning of these parameters may be performed after a predetermined period of 
5 time, a certain number of changes to the respective parameter or another suitable 
criterion. The initial setting of the PbcTarget and RefRABMaxTxP is only performed 
once, i.e. in case a parameter tuning handover has talcen place the targets are not 
reset to the respective default values. 

10 The algorithm illustrated in Fig. 7 corresponds to the one shown in Fig. 6 with two 
exceptions. 

In case the cost of bad quality (C(BQ)) and dropped calls (DR) prevails, the 
measured value for bad quality (BQ) and dropped calls (DR) exceeds the 

15 corresponding threshold values (BQ++ and DR++) and the total throughput Is 

greater than the minimum throughput requirements the PtxTarget is decreased by 
a downStepSize. The reason for this is that a decrease of the total maximum 
transmission power (PtxTartget) enhances the quality of calls and reduces the 
number of dropped calls. But the number of radio access bearers is reduced 

20 leading to a reduced total throughput. Therefore the reduction of the PtxTarget is 
only performed if the total throughput resides within an allowed range. 

In case the cost of packet queuing (C(PQ)) and blocked calls (BL) prevails and the 
measured value for packet queuing (C(PQ)) and blocked calls (BL) exceeds the 
25 con-esponding threshold values (PQ ++ and BL ++) the PbcTarget is increased by 
an upStepSize. This change leads to a reduction of the cost of packet queuing and 
blocked calls. 

The previous embodiment for tuning both the total maximum power that a network 
30 device may transmit and the maximum power for a single radio access bearer 
relates to tuning downlink parameters only. A precise measurement of bad quality 
Is essential for the tuning of these parameters. In downlink the qualrty of 
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connection to a radio access bearer, in particular a mobile station, can be 
determined in two different ways. Eitlier the mobile station measures tlie quality of 
radio reception, e.g. by measuring the block error ratio (BLER). and reports the 
results to the networic device or the network device measures the quality of 
5 connection is on its own. A good measure for determining the quality of the 

downlink connection is power outage. Power outage occurs whenever the mobile 
station requires more power to be transmitted than allowed for. An increase of 
power is only requested if the quality of reception is not sufficient. The threshold 
for detecting power outage may be set according to a fixed value determined for 
10 default conditions. The tuned RefRABMaxTxP may also serve as threshold for 
power outage. 

in general the maximum power that may be transmitted to one radio access bearer 
is different for different service classes and services, e.g. conversational, 
15 streaming, interactive, and background. The maximum transmission power may 
optimised for one service of a certain service class (reference service) only. The 
maximum transmission power for the other services is then scaled according to 
the result attained for the maximum transmission power for the reference service-. 
This may be done by the application of the following formula: 

20 

Ptx.max= PtX4naxjef*(p*Ry(pref*Rf»f) 

Ptx.max,ref Stands for the maximum transmission power of the reference service and 
Ptx.max stands for the maximum transmission power of another service, p^r is the 
25 planned downlink Eb/No value for the reference service, p is the planned downlink 
Eb/No value for the other service. Rrei and R designate the planned bitrate for the 
reference service and the other service. The quality criteria such as bad quality, 
dropping, queuing and blocking of calls can be measured in respect of services 
and service classes other than the reference service class. 

30 



Fig. 8 shows a method for optimising the proportion of the traffic capacity of a 
network device dedicated to non real-time trafTic (NRT-capacity). The initial 8 steps 
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correspond essentially to the steps outlined for the algorithms displayed In Fig. 6 
and 7. Initially the default value Is chosen for the NRT-capacity. Then the network 
conditions of non real-time packet queuing and blocked calls (real-time) are 
measured. The Individual costs of these network conditions is measured and the 
5 cost of packet queuing and the cost of blocked calls are compared with each 
other. 

If the total cost has not increased the NRT-capacity is increased or decreased by 
an upStepSize or downStepSize depending on whether the cost of packet queuing 

10 is greater than the cost of blocked calls. Since packet queuing is only performed 
for non real time traffic the cost of packet queuing represents the shortcomings of 
the dedicated NRT-capacity. Instead of queuing data packets calls are blocked In 
real-time traffic services. Therefore the number of blocked calls depicts the state of 
the real-time services. If the cost of packet queuing outweighs the cost of blocked 

15 calls NRT-capacity is increased, otherwise it Is decreased. After a change to the 
NRT-capacity the measurement of the network conditions is resumed. 

Subsequently the total cost is calculated. If the total cost has increased the 
previous change of the NRT-capacity is taken back and measurement of network 

20 conditions and calculation of total cost is resumed. A change to the NRT-Capacity 
may be made to depend upon whether the measured values for packet queuing 
(PQ) or blodced (BL) exceeds predetermined threshold values (PQ++ or BL++). 
Accordingly the dedicated NRT-Capaclty Is increased only, if packet queuing has 
exceeded the threshold value PQ-*--*-. and Is decreased, if the value for blocked 

25 calls has exceeded the corresponding threshold value BL++. 

it Is noted that the present invention is not restricted to the preferred embodiment 
described above. In particular the thresholds can be additionally used for further 
purposes as for how to schedule packets. The power or throughput thresholds set 
30 the limits for the amount of packets that can be scheduled. The preferred 
embodiment may thus vary within the scope of the attached claims. 
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5 1. A method for controlling the admission of users (4. 6) to a cellular radio 
networit (1 ), comprising the steps of: 

detennining (7) a threshold value (cell upllnk/downlink power 
threshoW) for a quantity (power level) to be measured, 
measuring (8) said quantity (power level) in order to obtain a 
''O measured value, 

comparing (9) said measured value with said threshold value (cell 

upllnk/downlink power threshold), and 
- deciding (10) whether to admit a new user (6) based on the result of 

said comparison (9), 
thereby 

autotuning (11) said threshoW value (cell uplink/downlink power 
threshold) using quality measurements in order to define a required 
quality of a link, uplink or downlink, 

said quality measurements being gathered during high load 
on said link. 



2. 



A method according to claim 1, wherein said threshold value (cell 
uplink/downlink power threshold) being a channel power threshold value 
indicating a maximum admissible received channel power level in uplink 
and/or a maximum admissible transmitted power level in downlink, and ^id 
quantity to be measured being a channel power level of received power in 
uplink and/or a channel power level of transmitted power in downlink. 



3. 



A method according to claims 1 and 2. wherein said threshold value being a 
throughput threshold value indicating a maximum admissible data 
throughput in uplink and/or downlink, and said quantity to be measured 
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being a throughput level of received data in uplink and/or a throughput level 
of transmitted data in downlink. 

A method according to any one of the preceding claims, wherein said 
threshold value being a connection (5) threshold value indicating a 
maximum admissible number (5) of connections between users (4) and said 
network (1). and said quantity to be measured being a actual number of 
connections (5). 

A method according to any one of the preceding claims, wherein sakJ 
quality of a link Is represented by 

a) the actual number of dropped, blocked and/or bad calls and/or the 
ratio of dropped, blocked and/or bad calls to a total amount of calls. 

b) a data throughput of actual transmitted data in uplink and/or 
downlink, 

c) an average frame error rate of defective data frames, 

d) delay times of transmitted data packets, and/or 

e) retransmission rates of retransmitted data packets due to defective 
data. 

A method according to claim 5. wherein said quality of a link is determined 
by a cost function, said cost function taking into account at least two, more 
than two or all of the quality of link representations, thereby weighing eac^ 
of said representations. 

A method according to any one of the preceding claims, thereby deter- 
mining an actual load value of said link, comparing said load value with a 
predefined load value in order to determine high load, and performing a 
quality measurement if said actual load value exceeds the predefined toad 
value. 
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A method according to any one of the preceding claims, wherein said 
autotuning Is perfom^ed t,y Increasing said threshold value " 2" , .a„ 
a.ua,.^^^^ 

A method according to any one of the preceding claims, wherein said 
autotun.ng ,s perfom^ed by decreasing said threshold value (104 2W) , 

A method according to claim 9. wherein said deceasing (104. 204) Is 
perfom.edlfatota.blt.teof said llnKishlgherthana^L 

A method according to claim 9 or 10. wherein said decreasing (104 204) Is 
Perfom^ed if a blocking rate Is below a blocking rate criteria (103) 

thrlToL' T''"' *° said 

A method acco«iing to any one of the preceding claims, wherein said 
n..^.ed ..alily is downed depending on traffic .asses, so that d^t 
traffic classes have different required quallHes. 

A method according to any one of the preceding claims, wherein data 
packets are scheduled depending on said threshold value (cell 
uplink/downlink power threshold). 
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16. A method according to any one of the preceding claims, wherein said 
autotuned power or throughput thresholds are used in/for packet 
scheduling. 

5 17. A cellular radio network device for controlling the admission of users to a 
cellular radio network (1). comprising: 

means (7) for determining a threshold value (cell uplink/downlink 
power threshold) for a quantity to be measured, 
means (8) for measuring said quantify (power level) in order to obtain 
10 a measured value, 

means (9) for comparing said measured value with said threshold 
value, 

means (10) for deciding whether to admit a new user (6) based on a 
result of said comparing means (9), 
15 - means (1 1 ) for autotuning said threshold value (cell uplink/downlink 

power threshold) using quality measurements in order to define a 
required quality of a link, uplink or downlink, and 
means for quality measurements (12) gathered during high k>ad on 
said link. 

20 

18. A device according to claim 1 7, said means for autotuning comprising 
means for adjusting (13) said threshold value (cell uplink/downlink power 
threshold), namely 

increasing (101, 201 ) said threshold value (cell uplink/downlink 
25 power threshold) if an actual quality of said link is better than said 

required quality of said link (100. 200), or 
decreasing (104. 204) said threshold value (cell uplink/downlink 
power threshold) if said actual quality of said link is worse than said 
required quality of said link (102. 202). in particular if a total bitrate of 
30 said link Is higher than a required bitrate (1 03, 203). 
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19. A device according to dalm 17 or 18 comprising means for perfomiing a 
method according to any of claims 2 to 16, 

20. A method for autotuning a parameter setting of a network device of a 
cellular radio network, comprising the steps of: 

a) setting the parameter value to a default value; 

b) measuring network conditions influenced by said parameter value for 
a predetermined period of time; 

c) calculating a total cost of said networi< condittons; 

d) minimizing the total cost by Iteratively changing said parameter value 
by a step and repeating steps b) and c) in order to control, whether 
dianging said parameter has reduced the total cost. 



21 . A method according to dalm 20, wherein the total cost is minimized by 

^ e) detemiining whether the total cost has Increased or decreased In 

comparison with the total cost determined for the previous parameter 
value: and 

f) In case the total cost has Increased, the previous change to the 
parameter value is taken back. 

20 

22. A method according to dalms 20 or 21 , wherein the total cost Is determined 
by calculating the value of a cost function indicating the total cost of the 
network conditions. 

25 23. A method according to dalm 22. wherein the cost function Is defined by the 
sum of individual costs each Indicating the cost of one of the measured 
network conditions. 

24. A method according to dalms 20 to 23, wherein the parameter to be 
30 optimised Is a maximum transmission power, which may be transmitted 

from the network device to a single radio access bearer, a total maximum 
transmission power, which may be transmitted by the network device, or a 
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portion of the total traffic capacity of the network device dedicated to non 
real-time traffic. 



25. A method according to any one of the claims 20 to 24, wherein said network 
5 conditions are represented by 

a) the actual number of dropped, blocked and/or bad calls and/or the 
ratio of dropped, blocked and/or bad calls to a total amount of calls, 

b) a data throughput of actual transmitted data in uplink and/or 
downlink. 

10 c) an average frame error rate of (iefecfa've data frames. 

d) delay times of transmitted data packets, and/or 

e) retransmission rates of retransmitted data packets due to defective 
data. 

15 26. A method according to any one of the claims 20 to 26. wherein one of said 
network conditions is represented by an expectation value of a probability 
distribution describing the distribution of measured network condition 
values. 



20 27. A method accowling to any of the claims 24 to 26, wherein 

the parameter to be optimised is the portion of the total traffic capacity of 

the network device dedicated to non real-time traffic. 

the total cost is determined by the cost of queued non real-time data 

packets added to the cost of blocked calls, and 
25 total cost is minimized by iteratively changing said portion of the total traffic 

capacity by the step, wherein the portion of the total traffic capacity is 

increased by the step if the cost of the queued non real-time data packets is 

greater than the cost of the blocked calls, 

the portion of the total traffic capacity is decreased by the step if the cost of 
30 the blocked calls is greater than the cost of the queued non real-time data 

packets. 
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29. 



A method according to any one of the claims 24 to 26. wherein 
the parameter to be optimised Is the maximum ti^nsmlsslon power, which 
may be f^nsmltted from the network device to a single radio access bearer 
me total cost Is detemilned by the sum of the cost of queued non real-time ' 
data packets, the cost of blocked calls, the cost of bad quality and the cost 
ofdropped calls; and 

the total cost Is minimized by Iteratlvely changing said maximum 
transmission power by the step. 

A method according to claim 28. wherein said maximum transmission 
power IS Increased by the step. If the cost of bad calls added to the cost of 
dropped calls Is greater than the cost of queued data packets added to the 
cost blocked calls; and 

said maximum transmission power Is decreased by the step. If the cost of 
bad calls added to the cost of dropped calls is lesser than the cost of 
queued data packets added to the cost of blocked calls. 

A method according to any one of the claims 24 to 26. wherein 
the parameter to be optimised is the total maximum transmission power 
which may be transmitted from the network device, 
the total cost is detemiined by the sum of the cost of queued non real-tlme 
data packets, the cost of blocked calls, the cost of bad quality and the cost 
ofdropped calls; and 

the total cost is minimized by iteratlvely changing said total maximum 
transmission power by the step. 

31. A method according to claim 30, wherein said total maximum transmission 
power Is decreased by the step, if the cost of bad calls added to the cost of 
dropped calls is greater than the cost of queued data packets added to the 
cost blocked calls; and 
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said total maximum transmission power is increased by the step, if the cost 
of bad calls added to the cost of dropped calls Is lesser than the cost of 
queued data packets added to the cost of blocked calls. 

5 32. A method for optimising parameter settings of plural parameters of a 
network device of a cellular radio network, comprising the steps of: 
successively optimising each parameter according to the method of claims 
20 to 31 , wherein said plural parameters except for the parameter being 
optimised are left unchanged, 
1 0 resuming to successively optimise each parameter after all parameters 

have been optimised. 



wo 02/089512 

O ' 



A method according to dalm 32, wherein the plural parameters comprise 
the total maximum transmission power, which may be transmitted firom the 
network device, and the maximum transmission power, which may be 
transmitted from the network device to a single radio access bearer. 
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